Background: Pathology of the long head of the biceps tendon (LHB) is commonly associated with rotator cuff tears (RCTs). Superior labral anterior-posterior (SLAP) lesions can also occur with RCTs. The purpose of this study was to include SLAP lesions as part of LHB pathology in surgical cases of RCT and define the role of SLAP lesions in RCTs.
one. In animal models, the mechanical properties of the LHB are altered in the presence of RCTs. (1) Impingement of the LHB and the supraspinatus tendon or biceps instability caused by tears of the subscapularis tendon could result in biceps tendon pathology. LHB lesions were found in 76% of patients receiving arthroscopic repair of RCTs. (2) Gill et al reported a prevalence of 5% of partial tears of the LHB in 847 shoulder arthroscopic examinations, and of those, 85% were associated with RCTs. (3) The overlapping symptoms of this two lesions, such as shoulder pain and night pain, may often be wrongly explained as a RCTs alone. Since these two different lesions can occur together, any LHB pathology should be identified and treated at the same time as RCTs repair to prevent compromise of the clinical outcome. Chen et al. has postulated a simplified classification of LHB lesions to emphasize its association with RCTs. (2) This classification includes five types of LHB pathology, tendinitis, subluxation, dislocation, partial tear and complete rupture.
Reviewing the research, Miller and Savoie found that 74% of individuals with full-thickness RCTs had associated intraarticular lesions, with labral tears being the most commonly associated disorder. (4) Gartsman et al. performed arthroscopic examination of the glenohumeral joint in 200 shoulders in 195 consecutive patients before arthroscopic rotator cuff repair, noting superior labral anteriorposterior (SLAP) lesions in five patients. (5) To our knowledge, no classification system has yet been developed that includes SLAP lesions as a type of biceps pathology associated with RCTs. In our study, we classified SLAP lesions as a subgroup of LHB pathology in order to comprehensively demonstrate their relationship with RCTs and establish the role of SLAP lesions in RCTs.
METHODS
Between 1993 and 2005, 176 shoulders with complete, full-thickness RCTs receiving arthroscopic examination and rotator cuff repair at our institution were included in this retrospective study. There were 102 men and 74 women. The average age at the time of surgery was 56.2 years (range, 23-78 years). The mechanism of rotator cuff injury (traumatic or degenerative) and the time interval from the accident or onset of symptoms to surgical treatment were recorded. Traumatic mechanisms included motor vehicle accidents, sports injuries, and falls onto the upper extremity or shoulder. Injuries in older patients (> 60 years) with a chronic and insidious onset of symptoms which could not be attributed to any traumatic event were classified as degenerative. All patients presented with varying degrees of functional limitation, including shoulder pain, weakness and a decreased range of motion. The study was approved by the hospital Institutional Review Board.
All patients received routine radiographic examinations (anteroposterior and axillary view) and magnetic resonance arthrograms of the shoulder prior to surgery. Diagnostic arthroscopy was performed initially, followed by open, mini-open, or arthroscopic rotator cuff repair as indicated. Rotator cuff pathology and associated injuries to the LHB and labrum were recorded during the operation. To better evaluate LHB pathology, we applied a 6-type classification, including comments on the biceps anchor, location and integrity, to describe the lesions, modified from that presented by Chen et al. in 2005. (2) Lesions were classified as follows: Type 1 (biceps tendinitis), Type 2 (subluxation of the biceps tendon), Type 3 (dislocation of the biceps tendon), Types 4 and 5 (partial and complete biceps tendon tears, respectively) and Type 6 (SLAP lesions) (Figure) . The surgical procedures for all RCT cases and each type of LHB pathology, if present, were recorded. The duration 
Principles and indications for treating LHB pathology in RCTs
In our patients, surgical treatment of concomitant LHB pathology in rotator cuff repair included debridement, tenotomy, tenodesis and repair of lesion structures. In general, we performed debridement for Types 1 and 2 LHB pathology. But if a reparable transverse humeral ligament was identified in Type 2 LHB pathology, we tried to repair it. For Type 3 LHB pathology, we performed a tenotomy or tenodesis, depending on the patient's age and activity level. We choose a tenotomy for patients > 50 years or those who had lower functional demands; otherwise, a tenodesis was preferred. For partial tear LHB (Type 4), if the torn area was grossly > 50%, the principle of treatment was the same as for biceps dislocation. If the torn area was < 50%, we performed only debridement and partial resection. In Type 5 LHB pathology, a tenodesis was performed only for those with retrievable tendon stumps. For type 6, we performed debridement for SLAP type I, III, and IV (if the area involved was < 30% of the LHB thickness) lesions. Suture anchor repair was indicated for all SLAP type II lesions.
Statistical analysis
The incidence of LHB pathology for different types of RCTs was calculated and statistically analyzed using SPSS software version 12. (SPSS Inc., Chicago, IL, U.S.A.). The Pearson chi-square test was used to examine the differences in the incidence of LHB pathology by varying degree of RCTs. A p value of < 0.05 was considered significant.
RESULTS
In these 176 cases, rotator cuff repairs were performed in 146 shoulders, debridement in 16 shoulders, tendon transfer in eight shoulders, and a shift to shoulder replacement with a prosthesis in six shoulders. The complete RCTs resulted from trauma in 93 shoulders (52%) and degeneration in the remaining 83 (48%). Ninety-five (54%) cases had chronic RCTs. Sixty-one (35%) RCTs were massive tears (> 5 cm 2 ).
Incidence of LHB pathology in RCTs
In our studied group of complete RCTs, 82% of cases were associated with LHB (144/176 shoulders). Furthermore, 72% (67 shoulders) of traumatic cases and 92% (77 shoulders) of degenerative cases had concomitant LHB pathology. Among the 144 cases with combined LHB pathology, 40% (58 shoulders) were classified as Type 1, 13% (19 shoulders) as Type 2, 11% (16 shoulders) as Type 3, 20% (29 shoulders) as Type 4, 9% (12 shoulders) as Type 5 and 7% (10 shoulders) as Type 6. In the Snyder classification, the ten cases with SLAP lesions were further diagnosed as three cases of type I, two each of types II and III, and three of type IV. The average age of patients with both SLAP lesions and RCTs was 48.2 years. The overall incidence of SLAP lesions among the 176 cases in our study was 6% (10/176) ( Table 1) .
We observed that the characteristics of the RCTs significantly influenced the incidence of LHB pathology. For example, patients who had RCTs for a long duration (e.g., > 3 months) were more likely to have concomitant LHB pathology compared with those who presented with RCTs < 3 months (97% vs. 64%, p < 0.001). Furthermore, patients with large RCTs (e.g., > 5 cm 2 ) were more likely to have combined LHB pathology than those with small (< 5 cm 2 ) ones (93% vs. 76%, p = 0.004) ( Table 1) . Of the 176 cases of complete RCTs, 52% (92 shoulders) were single tendon tears. These cases were less likely to have LHB pathology than those with multiple tears (71% vs. 94%, p < 0.001) ( Table 2) .
Biceps instability and subscapularis tendon tears
We observed a higher rate of LHB pathology in the group with torn subscapularis tendons than in those with intact ones (97% vs. 75%, p < 0.001). The incidence of biceps instability (subluxation or dislocation) for those with complete RCTs was 20% (35/176 shoulders). We observed that if the subscapularis tendon was torn, biceps instability was observed in 48% (27/56 shoulders) of cases with LHB pathology. By contrast, if the subscapularis tendon was intact (through RCTs), only 9% (8/88 shoul-ders) of LHB pathology was defined as biceps instability. Seventy-nine percent of cases (15/19 shoulders) with Type 2 biceps lesions had torn subscapularis tendons, versus 75% (12/16 shoulders) of Type 3 biceps lesions ( Table 2) .
Treatment for LHB pathology
Nineteen of 58 shoulders with Type 1 lesions received limited debridement. For the 19 shoulders with Type 2 lesions, debridement was performed in 14; the remaining five shoulders received relocation and repair of the transverse humeral ligament. For the 16 shoulders with biceps dislocation (Type 3), 11 received tenotomy, and five received tenodesis. For Type 4 lesions, debridement or partial resection was performed in 15 of 29 shoulders, tenodesis in nine shoulders, and tenotomy in five shoulders. Tenodesis was performed in a majority of cases of a completely torn LHB (8/12 shoulders). For Type 6 lesions, debridement was performed in seven shoulders (two SLAP type I, three SLAP type III and two SLAP type IV); the remaining three shoulders with SLAP type II lesions received suture anchor repair. The two cases of SLAP type IV lesions presented with tears of < 30% of the superior labrum, so only excision of the labrum was performed. In total, one hundred and seven shoulders (74%) underwent surgery to address simultaneous lesions of the LHB and rotator cuff tendons.
DISCUSSION
Injury to the LHB is often responsible for shoulder pain before or after surgery for RCTs. Successful rotator cuff surgery therefore depends upon the detection and proper treatment of concomitant biceps lesions. Two different classification systems to describe LHB lesions were presented in 3 different studies, (2, 6, 7) but they are complex and difficult to apply in clinical use. Chen et al. modified the classification of LHB pathology associated with RCTs into five types of biceps lesions: tendinitis (Type 1), subluxation (Type 2), dislocation (Type 3), partial tear (Type 4), and complete rupture (Type 5). (2) Unfortunately, these five types of lesion were confined to the biceps groove and did not include the biceps long head tendon anchor. However, in our practice, we observed that a small portion of RCTs occur with concomitant SLAP lesions.
A SLAP lesion was viewed as a distinct clinical entity after its first report by Snyder et al. in 1990 . (8) The literature suggests that the incidence of SLAP lesions in patients undergoing shoulder arthroscopy ranges from 6-12%. (9) These injuries are classically described as isolated lesions in young throwing athletes. However, a study of 139 patients with SLAP lesions suggested that most (123/139) were associated with other intraarticular lesions.
(10) Snyder et al. reported that 29% of SLAP lesions were associated with partial-thickness tears of the rotator cuff, and 11% were associated with full-thickness tears. (8) In Kim et al's multivariate analysis, type I SLAP lesions were typically associated with RCTs; type II SLAP lesions were specifically associated with supraspinatus tears in patients > 40 years. (10) Although a variety of mechanisms create SLAP lesions, Maffet et al. suggested that the most common etiology was traction on the biceps tendon. (11) A study of 104 cadavers found that degenerative changes in the biceps tendon occurred mainly in the distal bicipital groove and near the origin of the tendon from the superior part of the glenoid labrum. (12) This study identified the sites most subject to tendon rupture. A subsequent study using a biomechanical model elucidated the relationship of inferior subluxation of the glenohumeral joint and type II SLAP lesions. (13) An alteration in the loading direction of the LHB relative to the fibers at the superior glenoid may predispose the biceps/labrum complex to failure. This mechanism may also explain the development of SLAP lesions in biceps subluxation/dislocation as a consequence of a torn subscapularis tendon. Further, Savoie et al. presented a mechanism to explain the sequence of SLAP lesions and RCTs. (14) In their theory, the logical mechanism, both traumatic and chronic, causes a specific lesion involving the anterior superior corner of the glenohumeral articulation to produce an anterior superior slide of the shoulder. As the instability continues, the rotator cuff becomes irritated, causing symptoms that may mimic an impingement syndrome. So the concept of anterior superior labral tear and anterior supraspinatous (cuff) tear could also explain the cause of concomitant RCTs and SLAP lesions. Morgan et al. also found lesion-specific RCTs in SLAP lesions with shoulder instability and secondary pseudolaxity. (15) They posited that microinstability in the setting of SLAP lesions may precipitate a secondary strain injury to the rotator cuff. Although this had not been definitely proven, it is supported by several cadaveric studies as well as clinical evidence. So, in brief, whether a SLAP lesion is the consequence or cause of an RCT, it is definitely one of the most important findings, if present, during rotator cuff repairs.
Although the incidence of SLAP lesions in patients receiving surgical treatment for RCTs was relatively lower (6%) in our study than that of other types of LHB pathology (Types 1-5, 76%), SLAP lesions represent a unique associated pathological change seen in conjunction with RCTs. In the modified 6-type classification we devised for LHB pathology, the most common lesion was Type 1 (40%). We noted a slightly higher incidence of LHB pathology in our patient group compared with that of Chen et al. (82% vs. 76%, respectively). (2) This difference may result from our enrollment of SLAP lesions, which were not included in the five-type classification and may have been regarded as a "normal biceps tendon" in Chen's study. Viewing the SLAP lesion as a subgroup of LHB pathology, we found that patients with chronic (> 3 months), massive (> 5 cm 2 ), and multiple or subscapularis tendon involvement in RCTs had a significantly higher possibility of concomitant LHB pathology (Tables 1 and 2) . That means that when performing open or arthroscopic rotator cuff repair, surgeons should carefully evaluate the biceps tendon both in the biceps groove and at its insertion at the labrum, particularly in RCT cases with chronic, massive, and multiple or subscapularis tendon involvement.
Surgical treatment for concomitant LHB pathology during rotator cuff repair includes debridement, tenotomy or tenodesis. The decision depends on the type or nature of the biceps lesion, the patient's age and activity level, cosmetic concerns, and tolerance of rehabilitation. The surgical management of concomitant rotator cuff and SLAP lesions remains controversial, especially in middle-aged patients. Several recent studies have reported clinical outcomes after simultaneous surgical treatment for these two disorders, mostly for SLAP type II lesions. Voos et al. reported good clinical outcomes, restoration of motion and a high degree of patient satisfaction after combined arthroscopic rotator cuff and labral repairs. (16) Franceschi and colleagues reported a randomized control trial that found no advantage in repairing a type II SLAP lesion when associated with an RCT in patients > 50 years old. (17) In this patient group, they suggested that performing a tenotomy for SLAP type II lesion in RCTs repair could provide a better clinical outcome. Abbot et al. reported improved satisfaction and functional outcomes for patients > 45 years old with concomitant arthroscopic rotator cuff repair and debridement of type II SLAP lesions, compared with those who underwent simultaneous rotator cuff and type II SLAP lesion repair. (18) However, currently there is no definite recommendation for treating concomitant SLAP lesions in RCTs. Nevertheless, stabilizing the labral tear should theoretically decrease the tensile load on the rotator cuff. Levy and colleagues studied the effect of RCTs on surgical outcomes after type II SLAP lesion repair in patients < 50 years. (19) They found that once the SLAP lesion is repaired and the glenohumeral stability restored, the presence of a rotator cuff lesion will not affect the surgical outcome. The three patients with SLAP type II lesions in our study all presented with massive rotator cuff tears. Although they were older than 45 years (48, 53 and 58 years), we still repaired the SLAP lesions with suture anchors instead of debridement alone, to restore glenohumeral joint stability and improve the surgical outcomes of the rotator cuff repair. Another report compared concomitant arthroscopic repairs of SLAP lesions and RCTs with isolated arthroscopic rotator cuff repair. (20) The study concluded that in middle-aged patients, the results of combined SLAP lesion and rotator cuff repair were comparable to rotator cuff repair alone. In other words, if SLAP lesions are identified and treated properly during the surgical treatment of RCTs, the outcome can equal that of rotator cuff repair alone. Therefore, proper management of SLAP lesions, if they exist, is the key to successful treatment of complicated RCTs.
As a retrospective and observational design, our study had two limitations. First, because of the complex structure of shoulder, combined disorders often cannot be explained by a single mechanism. In our study, many patients presented with shoulder disorders other than RCTs and LHB pathology; we did not include these disorders. Surgeons who perform shoulder arthroscopic rotator cuff repair should also pay attention to structures other than LHB pathology. Failure to identify and address other shoulder lesions may lead to unsatisfactory surgical outcomes. Second, the surgical outcomes of patients with LHB pathology and RCTs were not presented in our study result. The low follow-up rate and incomplete records for shoulder function and symptoms in our patients after surgical treatment made collecting surgical outcomes problematic. Future studies should include these data, as well as longer follow-ups.
Conclusion
This study is the first observational report to include SLAP lesions in the classification of LHB pathology in patients with RCTs. This revised 6-type classification is a more comprehensive arthroscopic depiction of the spectrum of LHB pathology. We hope that the concept of 6-type LHB pathology in RCTs will remind arthroscopic surgeons of the important labrum-biceps complex when doing rotator cuff repair, so as to ensure proper surgical management. 
